Metallothionein induction in human CNS in vitro: neuroprotection from ionizing radiation.
There have been extensive studies on the regulation of metallothionein (MT) synthesis, and its biological role in liver and kidney. Although there are few reports on brain MT, there is a growing interest in the role of MT in brain. There have been no publications to date on MT synthesis in the human central nervous system (CNS) following exposure to ionizing radiation. In the present study, primary human CNS cultures were used to examine the effect of ionizing radiation on MT mRNA and protein synthesis. In the same cultures, the neuroprotective effects of zinc (Zn) and cadmium (Cd)-induced MT synthesis from high-dose radiation were also examined. Primary, serum-free, human CNS cultures were exposed to 30 or 60 Gy gamma-rays. The total MT protein was then measured by a Cd-heme assay, and mRNA for MT-II and MT-III was detected by reverse transcription polymerase chain reaction (RT-PCR). Cytotoxicity was measured by LDH release and apoptotic cell death by DNA fragmentation analysis. Sublethal neuroglial injury was assessed morphologically using specific astrocytic (glial fibrillary acidic protein--GFAP) and neuronal (microtubule-associated protein 2--MAP2) immunohistochemical markers. The total MT protein content was increased 12h after exposure to 30Gy. The increase in MT content in response to 60Gy was not statistically significant. MT-II mRNA levels increased at 3 and 6h after exposure to 30Gy gamma-rays, with a maximum expression at 12-24 h. MT-III mRNA was not significantly affected. Exposure to 60 Gy, but not 30 Gy, caused a marked increase in LDH release. Cells exposed to 30 Gy or less showed some apoptotic cell death by DNA fragmentation analysis, while exposure to 60 Gy resulted in a DNA smear confirmed by LDH assays. Preinduction of MT by 5 microM Cd or 100 microM Zn resulted in a significant reduction in radiation-induced LDH release. Morphological evaluations revealed that Cd or Zn preincubation led to relative preservation of MAP2 staining and GFAP. Both MT protein and MT-II mRNA can be induced in human CNS cells by ionizing radiation. Furthermore, induction of MT synthesis with Zn and Cd can protect human CNS cells from radiation-induced cytocidal and sublethal injuries. Both findings have implications in the development of strategies to protect human CNS tissue from damage during radiotherapy.